Clinically significant secondary hyperoxaluria, resulting in the formation of oxalate stones in the urinary tract, occurs after ileal resection (Smith et al., 1970; Dowling et al., 1971 ) and jejunoileal bypass (Dickstein and Frame, 1973; O'Leary et al., 1974) , in patients with severe ileal disease (Admirand et al., 1971; Smith et al., 1972) , pancreatic exocrine insufficiency (Stauffer et al., 1974) , and coeliac disease (McDonald et al., 1975) .
The origin of this 'enteric' hyperoxaluria has been shown to be excessive absorption of dietary oxalate (Chadwick et al., 1973; Stauffer et al., 1973; Earnest et al., 1974) . Neither the site nor the mechanism of the increase in oxalate absorption is known, although it is thought that the colon may play an important role because patients with ileal resection and ileostomy or colectomy do not develop hyperoxaluria (Earnest et al., 1974; O'Leary et al., 1974) .
After an ileal resection, excessive quantities of bile acids enter the colon because the normal ileal recapture mechanism has been removed. These bile acids, as well as inducing diarrhoea due to colonic secretion of water and electrolytes (Mekhjian et al., 1971) may also affect absorption of other substances from the colon. In the present study we have therefore tested the effect of an unconjugated bile saltsodium chenodeoxycholate-on colonic oxalate absorption in man, using a perfusion technique in two subjects with colonic exclusion. Absorption of ' sodium oxalate from a 2 mmol 1-1 solution has been studied, since this seems likely to be within the range encountered in the normal human colon. Although normal faecal fluid contains only trace amounts of bile salt, the faecal fluid of patients after ileal resection may contain up to 13 mmol 1-1 (Hofmann and Poley, 1972; Mitchell et al., 1973) . We have therefore studied the effect of a model bile salt at a concentration of 5 mmol 1-1.
Methods
The two subjects were aged 38 and 67 years and had undergone portocaval anastomosis for relief of portal hypertension 13 and 24 years before the present study. Colonic exclusion was performed for the treatment of disabling chronic hepatic encephalopathy (McDermott et al., 1962) five and 1l years before the study. Both subjects were well; one is in full-time employment as a school caretaker and the other enjoys an active agricultural retirement. The subjects gave fully informed consent to the study procedures.
Perfusion studies were performed at least eight hours after the last meal, but unlimited clear fluids were allowed to maintain normal hydration. The perfusion procedure was as described by Bown et al. (1972) . Solutions were perfused anti-peristaltically (because this produces a steadier flow of effluent) at 10 ml min-'. A two hour equilibration period was allowed before the collection of four consecutive 10 minute samples of intestinal effluent. The pH of each solution was immediately measured and after filtration through glass wool to remove mucus, 240
Effect ofsodium chenodeoxycholate on oxalate absorption from the excluded human colon aliquots were taken for subsequent analysis of polyethylene glycol (PEG) and 14C-oxalate specific activity. The composition of the two perfusion solutions is shown in Table 1 . Chemicals were of AR grade. (U-14C) oxalic acid was obtained from the Radiochemical Centre (Amersham, Bucks). Chenodeoxycholic acid was shown to be more than 95% pure by thin layer chromatography before conversion to the sodium salt. Both subjects were perfused with both solutions, an interval of 48 hours being allowed between one solution and the next. Subject HS was studied twice, the solutions being perfused in the reverse order on the second occasion. Subject CM was studied only once. The total amount of each solution perfused was recorded and used to calculate the total amount of (14C) oxalate perfused. At the end of each perfusion study the colon was cleansed of retained perfusion solution by rapid perfusion with physiological saline. Urine passed over the 36 hours after each perfusion was collected in 12 hour aliquots for analysis of (14C) oxalate.
ANALYTICAL METHODS AND CALCULATION
PEG was measured turbidimetrically by the method of Hyden (1955) . Osmolality of solutions was measured by freezing point depression using an Advanced Osmometer (Advanced Instruments, Newton Highlands, Massachusetts, USA). pH was measured using a standard glass electrode. (14C) radioactivity in perfusion solutions and urine was measured by liquid scintillation counting (Tracerlab Corumatic with an external standard, using toluene containing 4 g l-1 of 2,5 diphenyloxazole mixed 3:1 with triton XIOO as scintillant).
The net disappearance of oxalate from the colonic lumen was calculated by standard formulae (Levitan et al., 1962) and expressed as ,umoles of sodium oxalate disappearing from the colonic lumen per minute. The appearance of (14C) oxalate in the urine over the 36 hours after perfusion is expressed as percentage of the perfused load of (14C) oxalate and as the total amount of oxalate (,umoles) appearing in the urine over this period. (Fig. 3) . 8-3 to 16-6%, Fig. 2 ). The total amounts of oxalate excreted in this period are shown in Table 2 .
Less than I1 % of the excreted (14C) radioactivity appeared in the third 12 hour urine collection in each case, indicating no significant carry-over of urinary oxalate from one perfusion to the next. Postperfusion cleansing of the colon was considered adequate because effluents after cleansing contained less than 10% of the (14C) radioactivity of the perfusion solutions. 
PH OF LUMINAL CONTENTS
There was no significant change in the pH of colonic effluents compared to perfusates.
Discussion
The present study shows unequivocally that oxalate absorption from the excluded colon is increased by the presence in the lumen of an unconjugated bile salt. Normal faeces contain only small amounts of bile salt bound to solid material (Norman, 1964; Findlay et al., 1973) Effect ofsodium chenodeoxycholate on oxalate absorption from the excluded human colon 243 with ileal resection may contain up to 30 mmol l-1 of bile salt, and even in the supernatant, bile salt concentrations may reach 13 mmol 1-1 Hofmann and Poley, 1972) . The concentration of bile salt used in the present study is therefore appropriate. Estimates of the oxalate content of a normal diet vary between approximately 1 mmol/24 h (Zarembski and Hodgkinson, 1962) to approximately 10 mmol/24 h (Archer et al., 1957) ; the lower value is generally agreed to be the more likely. In normal subjects only about 5 % of oxalate taken in the diet is absorbed (Archer et al., 1957; Earnest et al., 1974) and, as ileal input into the colon is of the order of 1 to 2 litres per day (Devroede and Phillips, 1969) , a concentration of oxalate in the colonic lumen of 2 mmol 1' is likely to be approximately physiological. Whether, however, in the in vivo situation this is all present as the soluble sodium salt is uncertain. It may be argued that the excluded colon does not function normally. Bown et al. (1972) , using a similar perfusate to solution 1 of the present study, showed that water and electrolyte absorption from the excluded colon was similar to that reported in perfusion studies of the intact colon in normal subjects (Levitan et al., 1962) . However, during perfusion of solution 1 in the present study there was no significant absorption of water from the excluded colons of our two subjects. This is probably due to vigorous cleansing of the colon with saline washouts and might have been obviated by allowing a longer period for mucosal recovery. While it is possible that the demonstrated effect of chenodeoxycholate on colonic oxalate absorption is seen only under these conditions, this does not seem likely. Even allowing for an increase in mucosal permeability, only small amounts of oxalate were absorbed in the absence of bile acid. Chenodeoxycholate also induced the expected water secretion (Mekhjian et al., 1971) . The influence of bacterial flora on oxalate absorption is unknown. However, it seems unlikely that a change in flora can account for the present results, because the flora of the excluded colon has been shown to be substantial and qualitatively similar to that of faeces (Vince et al., 1973) . These facts suggest that the function of these excluded colons is not radically different from normal.
The mechanism of increased oxalate absorption after ileal resection is uncertain, and may be multifactorial. Attention has focused largely on changes in intraluminal constituents and their influence on intraluminal calcium concentrations (Stauffer et al., 1974) . A correlation has been found between fat malabsorption and hyperoxaluria (Earnest et al., 1974; McDonald et al., 1975) . It has been suggested that this effect is due to binding of calcium by fats, leaving more oxalate in solution available for absorption; some success has been reported in controlling hyperoxaluria by reducing the fat content of the diet (Andersson and Jagenburg, 1974 ).
In the experiments described in this paper, calcium was not present in the perfusate, so the changes in oxalate absorption cannot be explained by changes in intraluminal calcium ion concentration. In the control experiment, absorption of perfused oxalate was less than 5 %, suggesting that even in conditions approximating to the fasting state with low intraluminal calcium concentrations, oxalate absorption by the colon is very low. On additon of sodium chenodeoxycholate 5 mmol 1-1 colonic absorption of oxalate was increased five-to 10-fold.
If spillage of bile salts into the colon of patients with ileal resection has an effect similar to chenodeoxycholate in our perfusion studies, the demonstrated increase in colonic oxalate absorption would be sufficient to account for hyperoxaluria in intestinal disease. The beneficial effect of cholestyramine in reducing oxaluria in these cases may be due as much to its bile salt binding effect as to binding of oxalate in the intestinal lumen (Smith et al., 1972; Stauffer etal., 1973) .
It has been shown that oxalate is absorbed from the rat intestine by passive diffusion (Binder, 1974) and that deoxycholic acid increases both colonic oxalate absorption and mucosal permeability for urea (Chadwick et al., 1974; Dobbins and Binder, 1975) in the rat. It seems likely that altered mucosal permeability is also the explanation for our findings in the excluded colon of man. As raised levels of bile acids in faeces have also been shown in children with pancreatic insufficiency due to cystic fibrosis and to pancreatic hypoplasia (Weber et al., 1973) and after small bowel bypass (Moore et al., 1969) , this may also be the explanation for the hyperoxaluria in these groups of patients. It remains possible that luminal long chain fatty acids-which of themselves increase colonic mucosal permeability (Dobbins and Binder, 1975) and may bind calcium ions in the gut (Binder, 1974 ) also play a part in the production of secondary hyperoxaluria in intestinal disorders. 
